


















EP J m anuscript N o.
(willbe inserted by the editor)
FirstCN GS events detected by LVD
N.Yu.Agafonova1,M .Aglietta2,P.Antonioli3,G .Bari3,A.Bonardi2,V.V.Boyarkin1,G .Bruno2;4,W .Fulgione2,
P.G aleotti2,M .G arbini3;5,P.L.G hia2;4,P.G iusti3,E.K em p6,V.V.K uznetsov1,V.A.K uznetsov1,A.S.M alguin1,
H.M enghetti3,R.Persiani3,A.Pesci3,I.A.Pless7,A.Porta2,V.G .Ryasny1,O .G .Ryazhskaya1,O .Saavedra2,
G .Sartorelli3,M .Selvi3a,C.Vigorito2,L.Votano8,V.F.Yakushev1,G .T.Zatsepin1,A.Zichichi3.
1
Institute forNuclearResearch,Russian Academ y ofSciences,M oscow,Russia
2 Institute ofPhysicsofInterplanetary Space,INAF,Torino,University ofTorino and INFN-Torino,Italy




M useo Storico della Fisica,Centro Studie Ricerche "E.Ferm i",Rom e,Italy
6
University ofCam pinas,Cam pinas,Brazil
7
M assachusettsInstitute ofTechnology,Cam bridge,USA
8 INFN-LNF,Frascati,Italy
Received:date / Revised version:date
Abstract. The CERN Neutrino to G ran Sasso (CNG S)projectaim sto produce a high energy,wide band
 beam atCERN and send ittoward the INFN G ran Sasso NationalLaboratory (LNG S),732 km away.
Its m ain goalis the observation of the  appearance,through neutrino avour oscillation.The beam
started itsoperation in August2006 forabout12 days:a totalam ountof7:6 10
17
protonswere delivered
to the target.The LVD detector,installed in hallA ofthe LNG S and m ainly dedicated to the study of
supernova neutrinos,was fully operating during the whole CNG S running tim e.A totalnum ber of569
eventsweredetected in coincidencewith thebeam spilltim e.Thisisin good agreem entwith theexpected
num berofeventsfrom M ontecarlo sim ulations.
PACS. 14.60.Pq Neutrino m ass and m ixing { 29.27.Fh Beam characteristics { 29.40.M c Scintillation
detectors{ 95.55.Vj Neutrino,m uon,pion,and otherelem entary particle detectors;cosm ic ray detectors
1 Introduction
TheCERN NeutrinostoG ran Sasso(CNG S)projectaim s
to produce a high energy,wide band  beam atCERN
and send ittoward the INFN G ran Sasso NationalLabo-
ratory (LNG S).Itsm ain goalistheobservation ofthe 
appearance,through neutrino  avour oscillation,by the
O pera experim ent.
TheLVD detector,installed in theHallA oftheLNG S,
ism ainly dedicated to the observation ofsupernova neu-
trinos.As proven in [1],due to its large area and active
m ass,LVD can actasa very usefulbeam m onitor,detect-
ingtheinteraction ofneutrinosinsidethedetectorand the
m uonsgenerated bythe interaction in therockupstream
the detector.
TheCNG S beam started itsoperation in August2006,
afterthreecom m issioning weeks.LVD wasfully operative
during the whole rstrun ofthe CNG S beam .
In this work we present the results ofthe events de-
tected in coincidence with the beam spilltim e and show
som ecom parisonswith the M ontecarlo sim ulation.
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2 The CN GS beam
The inform ations about the CNG S beam characteristics
aretakenbytheLHCLO G CNG S O PERA database(here-
after DB) [2].Two m ain quantities are relevantfor each
proton extraction:
{ the UTC tim e ofthe spill(in ns),
{ the num berofextracted protonson target(p.o.t.) 1.
The CNG S beam started its rstrun ofoperation on
18th August,2006 ( rst spillat 11:31:54.072 UTC) and
 nished on 30th August(lastspillat03:30:04.872 UTC).
In the following we willrefer to this  rst run as Run1.
Thetotalnum berofprotonsdeliveredagainstthegraphite
target is 7:59 1017.The beam intensity per each spillis
shown in  gure1.Itstarted with an average intensity of
1:381013 p.o.t.perspilluntil23rd August;then therewas
a prede ned stop called \M achine Developm ent" (M D).
1
D ue to som e known problem s (see [3]) it happened that
forsom e extraction there was only the UTC tim e oronly the
num berofp.o.t..In the following we willconsideronly those
extraction where both the inform ationswere present.
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O n 25th August the run restarted with a slightly higher
intensity of1:64 1013 p.o.t.perspill,on average.
The tim e structure ofthe CNG S beam is character-
ized by two extractions,10:5 slong,separated by 50 m s;
thispattern isrepeated each CNG S cycle,whoseduration
can change:during Run1 there were two m ain repetition
cycles:16:8 sand 22:8 s.
Fig.1.Beam intensity (in protonson target)pereach spillof
Run1.
3 The LVD detector
LVD is a large volum e liquid scintillator detector dedi-
cated to the study ofcore collapse supernova neutrinos.
Theactivescintillatorm assisabout1000t,whiletheiron
and stainless steelsupport structure is  900 t.It has
a m odular structure,m ade of840 identicalscintillation
counters.Each counterisviewed on thetop by threepho-
tom ultipliertubes.Thecountersaregrouped in threebig
m odules,called \towers",with independentdata acquisi-
tion.The energy calibration ofthe scintillation counters
isdone each m onth through the (known)energy released
by cosm ic m uons.The highestdetectable energy in each
counterisbetween 200 and 400 M eV.
The front area ofthe whole detector (orthogonalto
theCNG S beam )is 12 10m 2,see gure2.A detailed
description ofthedetectorand itsperform ancesisin [7].
During Run1 LVD was fully operative with 100% of
uptim e(de ned asthefraction oftim ewhereLVD isable
to detectan event)and an averageactivem assof950 t.
Fig.2.Frontview ofthe LVD detector.
4 M C sim ulation ofthe expected events
The CNG S events in LVD can be subdivided into two
m ain categories:
{  charged current(CC) interactionsin the rock up-
stream theLNG S;they produceam uon thatcan reach
LVD and be detected,
{  CC and neutralcurrent (NC) interactions in the
m aterial(liquid scintillator and iron of the support
structure)ofLVD.
W e developed a full M ontecarlo sim ulation that in-
cludesthegeneration oftheneutrinointeraction products,
the propagation ofthe m uon in the G ran Sasso rock and
theresponseoftheLVD detector.Thedetailsofthesim u-
lation weredescribed in [1];however,with respectto that
paper,som em odi cationsweredonewith up{to{datein-
form ations.In particularwe now use the CNG S  ux cal-
culated in 2005 by the Fluka group [4]and the neutrino
crosssection NUX-FLUK A [5].Therearealso som em od-
i cationsin thedetector:thereareactually 7 activelevels
ofscintillation counters instead ofthe 8 previously con-
sidered,and the energy threshold for the de nition ofa
CNG S eventisnow 100 M eV instead of200 M eV.
Theresulting num berofexpected events,atthenom -
inalintensity 4:5 1019 p.o.t./y is 32160/y,equivalent to
7:147 10 16 events per p.o.t. (considering 200 e ective
daysperyear,itcorrespondsto  160 CNG S eventsper
day):78% arem uonsfrom the rock,17% areCC interac-
tionsin the detectorand 5% areNC.
During Run1 thetotalnum berofp.o.t.was7:59 1017,
thus542 eventsareexpected in LVD.
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5 CN GS detected events
The LVD events are  ltered using a very loose selection
cut:we require to have at least one scintillation counter
with an energy releaselargerthat100M eV.Theresulting
rate isquite stable,with an averagevalue of0:37 Hz,see
 gure3.
Fig.3.Background rate ofeventsduring Run1.These events
presentatleastonescintillation counterwith an energy release
largerthan 100 M eV.
Am ong thissam plethe  rstselection criteria isbased
on the coincidence ofthe LVD eventtim e with the beam
spilltim e written in the DB.Two m ain correctionshave
been done:the neutrino tim e of ight from Cern to the
LNG S (2:440 m s) and the propagation ofthe G PS tim e
signalfrom the outside laboratoriesto slaveclocksin the
underground hall(42116,42064and 42041nsrespectively
fortower1,2and 3),m easured in July,2006togetherwith
the otherexperim entsatLNG S [6].
During Run1 there were som e additionaltim e shifts
between theLNG S tim eand theUTC tim ewritten in the
DB:from the beginning until18th 16:00 itwas+ 100 s,
then + 10 s until22nd 9:00 and   2 m s until23rd 5:30.
Afterthe M D there wasno additionalbias.
Afterapplying allthese corrections,we search forthe
CNG S events in the interval[  15;+ 25]s around the
start tim e ofthe beam spill.In this way 569 events are
selected;theirdistribution in thetim ewindow isshown in
 gure4.
Thefoureventswith tim edi erencebetween   13 and
  8 soccured on 19th Augustwhen therewasa failurein
theLNG S m asterclock.Thesecond m asterwasswitched
on and atim eshiftofabout10swaspresent.Thusthose
eventsareconsidered in the analysis.
Fig. 4. D istribution ofthe detection tim e ofthe 569 CNG S
events,with respectto the initialtim e ofthe beam spill.
In  gure5 (left)weshow thecom parison between the
expected and detected event rate per each day ofdata
acquisition;in  gure5 (right)thecom parison oftheinte-
gralnum berofevents,hourby hour,isshown.G iven the
presently lim ited statistics,theagreem entisrathergood.
Two exam ples of typical CNG S events in LVD are
shown in  gure6 (m uon from the rock)and 7 (neutrino
interaction inside the detector).
5.1 Com parison with the M C sim ulation
In the following we show the com parison between the
CNG S detected eventsand the resultsofourM C sim ula-
tion,norm alized to the sam e num berofevents.In  gure
8 we show the distribution ofthe num berofscintillation
countershit per each event,with an energy threshold of
10 M eV,norm alized to the totalsam ple of569 detected
events;giventheavailablestatisticstheagreem entisgood.
In ordertoselecttheeventsgenerated in therock,pro-
ducingapenetratingm uon insidethedetector,weperform
them uon track reconstruction with a linear tto thecen-
tersofthe hitscintillation counters.Requiring atleast3
hitcountersand a good 2 (probability largerthan 1% in
both theTOP and SIDE projections)weselect319events.
From the M C sim ulation we estim ate that,using thisse-
lection cut,thee ciency todetect\m uonsfrom therock"
isabout80% and the contam ination of\internalevents"
islow (lessthan 5% ).
In  gure9 thetotalam ountofenergy detected by the
scintillation countersin \m uonic" eventsisdisplayed.
Forthisselected sam ple ofeventswe can reconstruct
the m uon direction and com pare itwith the expectation
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Fig.5.Com parison between the expected and detected num berofeventsduring Run1.In the leftpanelthere is the num ber
ofeventsperday:observed (black circles)and expected (blue line).In the rightone the integrated num berofevents:observed
(black solid line)and expected (blue dashed line).
from the reconstruction of M C events. The results are
shown fortheanglebetween the m uon and the m ain axis
ofthe hallA:itsprojectionsin the SIDE and TOP view
ofthe detectorarein  gure10 and 11 respectively.
The events are alm ost horizontaland the m ain part
ofthem are reconstructed exactely at 0 because ofthe
discretenessofthescintillation counters(crosssection 1 1
m 2).In the TOP view the beam isparallelto the hallA
axis,while in the SIDE view the beam \com esout" from
the  oorwith an angle of3:2,asseen in  gure10.The
agreem entofthedataand theM C sim ulation isvery good
in both the projections.
5.2 Background
Thebackgroundisestim ated consideringtherateofevents
shownin gure3am ongwhichtheCNG S eventsaresearched
for,with an averagevalueof0:37 Hz.W erem ind thatthe
tim e window where we search for the events around the
beam spilltim e is 40 s wide,and the num ber ofuseful
spillsin the DB is51581.Thusthe num berofeventsdue
to the background,during Run1,is
N bkg = 0:37 H z 40 s 51581= 0:764
practically negligible.
6 Conclusions
W epresented theresultsofthe rsteventsdetected by the
LVD detector in coincidence with the CNG S beam .The
 rstrun ofthe CNG S beam wasstarted in August2006,
with an overallnum ber of7:6 1017 protons delivered to
the target.The LVD detectorwasfully operative during
the wholerun,with an averageactivem assof950 t.
LVD can detectthe CNG S neutrinosthrough the ob-
servation ofpenetrating m uons originated by  CC in-
teractions in the rock upstream the LNG S and through
internalCC and NC neutrino interactions.
The expected num ber ofevents,as predicted by our
M ontecarlosim ulation,is542.W esearched fortheCNG S
eventsby looking atthe tim e coincidence with the beam
spilltim e;the num berofdetected eventsis569.
Thereisagoodagreem ent,betweenthedetected events
and theM C sim ulation,in thedistribution ofthenum ber
ofhitcounters,thetotalenergy released in theapparatus
and the direction ofthe reconstructed m uons.
W eestim atethatthenum berofeventsduetotheback-
ground islowerthan one in the whole Run1 tim e.
Thus,this rstrun oftheCNG S beam con rm ed that,
as it was proposed in [1],LVD can act as a very useful
CNG S beam m onitor.
AlsotheO peracollaborationreportedabouttheirm ea-
surem ents[8]:they detect319 eventsagainsta prediction
of300,obtaining results very sim ilar to ours.A detailed
discussion about the com parison ofexpected and detect
eventsin LVD ispostponed tothenextCNG S runs(sched-
uled in fall2007),when a large num berofeventswillbe
availableand thebeam characteristicswillbebetterunder
control.
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Fig.6.D isplay ofa CNG S events:typicalcharged currentinteraction in therock upstream LVD ,producing a m uon thatgoes
through the detector.The colours represent the am ount ofenergy released in the scintillation counters,sum m ed along each
projected view;the legenda isexpressed in G eV.The black straightline isthe resultofa lineartto the hitcounters.
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6 LVD collaboration:FirstCNG S eventsdetected by LVD
Fig.7.D isplay ofa CNG S events:neutrino interaction inside
the LVD detector.The colours represent the am ount of en-
ergy released in the scintillation counters,sum m ed along each
projected view;the legenda isthe sam e asin gure 6.
Fig. 8. D istribution of the num ber of scintillation counters
hitpereach CNG S event:com parison between thedata (black
crosses)and M C sim ulation (red line).
Fig. 9. D istribution ofthe totalenergy detected in the ap-
paratuspereach CNG S eventwhere a m uon isreconstructed:
com parison between the data (black crosses)and M C sim ula-
tion (red line).
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Fig. 10. D istribution ofthe \side" projection ofthe angle between the reconstructed m uon track and the m ain axis ofthe
LNG S hall:com parison between thedata (black crosses)and M C sim ulation (red line).In therightpicturethereisa description
ofthe considered angle zy.
Fig.11.D istribution ofthe\top" projection oftheanglebetween thereconstructed m uon track and them ain axisoftheLNG S
hall:com parison between the data (black crosses) and M C sim ulation (red line).In the rightpicture there is a description of
the considered angle xy.
